Introduction
============

Dental implants are currently the optimal method for the functional and aesthetic restoration of edentulous areas both at maxillary and mandibular level \[[@b1-cm8801p69]\]. However, a number of local problems may frequently limit the use of dental implants, and one of the regions posing the most problems is the posterior maxillary area. The main inconvenient of this area is the insufficient bone available as a result of post-extraction bone resorption or maxillary sinus pneumatization \[[@b2-cm8801p69],[@b3-cm8801p69]\]. Several surgical methods have been designed and applied in medical practice to overcome this limitation, such as special implants, subantral bone augmentation, onlay bone augmentation, etc. Of these methods, the most widely used and accepted in current medical practice is subantral bone augmentation, known as sinus lift \[[@b4-cm8801p69]\].

The sinus lift procedure is a method by which a material is placed in the sinus floor, in a space created by the elevation of the sinus membrane from the bone support represented by the maxillary sinus floor \[[@b4-cm8801p69]\]. This bone augmentation is performed using several methods. One of the most frequently used methods is that described by Tatum \[[@b3-cm8801p69]\], which involves the approach of the maxillary sinus through a window opened in the lateral sinus wall. Four types of materials have been proposed and employed for bone augmentation: autogenous bone, allogenic bone, xenogenic bone, and alloplastic bone \[[@b1-cm8801p69],[@b2-cm8801p69]\]. Of these, autogenous bone is considered to have the best properties as a bone augmentation material \[[@b1-cm8801p69],[@b5-cm8801p69],[@b6-cm8801p69]\]. Although autologous bone undoubtedly has osteoinductive characteristics, its high resorption rate after bone augmentation has been evidenced, which is why some authors have recommended its association with xenogenic bone or alloplastic bone, which have a slower resorption rate \[[@b7-cm8801p69],[@b8-cm8801p69]\].

The aim of this study is to prospectively evaluate the quality of bone tissue obtained after the performance of sinus lift with a 1/1 mixture of autogenous and alloplastic material. At the same time, the resorption rate of this type of material 6--8 months after bone augmentation is assessed.

Patients and methods
====================

The study included 7 patients selected from the patients treated by the research team members, who in the period December 2013 -- March 2014 requested implant placement in the posterior maxillary region and needed subantral bone augmentation. All patients included in the study voluntarily requested sinus lift. All patients signed an informed consent for surgery and participation in scientific studies.

Patient inclusion criteria: age over 18, no associated local or systemic disease, subantral bone available between 3--5 mm, patient having signed an informed consent, patient in which the sinus membrane remained intact after elevation.

Under local anesthesia, the maxillary sinus was approached by opening a bone window in the lateral sinus wall. Subsequently, the sinus membrane was elevated, and the bone flap was mobilized in cranial position.

Under local anesthesia, an incision at the level of the vertical mandibular ramus was performed, which was extended to the lower vestibule. After the mandibular cortical bone was exposed, autologous bone material was taken from the vertical mandibular ramus and the external oblique line, and the postoperative wound at the donor site was sutured with separate non-resorbable threads ([Fig. 1](#f1-cm8801p69){ref-type="fig"}). The autologous material was milled using a manual bone mill and then, it was mixed in a 1/1 ratio with an alloplastic material consisting of PerioGlas particles (NovaBone poducts LLC), in a 0.9% saline solution medium. The sinus cavity was lined with the material thus obtained, and the bone window was covered with a resorbable collagen membrane and the mucoperiosteal flap. A non-resorbable separate stitches suture was performed.

The suture was removed from the donor site at 7 postoperative days, and from the receptor site at 10 postoperative days. All patients received antibiotic treatment with amoxicillin with beta-lactamase inhibitors for 7 postoperative days, 2 g/day p.o., 1 g every 12 hours. Non-steroidal anti-inflammatory drugs were administered as needed.

A panoramic radiograph at a 1:1 scale was performed postoperatively, on which the obtained subantral bone level considered as a reference level was measured. At 6--8 months from bone augmentation, the patients returned for dental implant placement, and a new panoramic radiograph at a 1:1 scale was performed preoperatively, on which subantral bone height was measured. The difference between the initial and the final bone height represented the bone resorption rate of the augmentation material and was analyzed in nominal and percent terms.

During the bone implant placement procedures, bone tissue samples were taken from the detritus left on the drills used for the creation of new alveoli. These samples were preserved and sent for histological examination.

For histological analysis, the tissue samples were fixed in formaldehyde 4% and embedded in paraffin wax. Histological sections were cut at 5 micrometers and stained. Hematoxylin and eosin staining along with Masson's Trichrome, Sirius Red were used.

Data centralization, contingency tables and statistical interpretation were performed using the Microsoft Excel software.

Results
=======

Of the 7 patients included in the study, 3 (42.86%) were males and 4 (57.14%) were females. The age of the patients ranged between 42 and 68 years, with a mean age of 56 years. Following subantral bone augmentation, a bone height between 13 and 17 mm, with a mean value of 15.14 mm, was obtained, and 6--8 months after bone augmentation, values ranged between 14 and 16 mm, with a mean height value of 12.71 mm ([Fig. 2](#f2-cm8801p69){ref-type="fig"}).

The resorption rate of the subantral augmentation material, as a nominal value, ranged between 1 mm and 3 mm, with a mean resorption rate of 2.28 mm. The resorption rate of the subantral augmentation material, as a percent value, ranged between 12.5% and 21.42%, with a mean value of 15.15%.

The histological analysis of the subantral augmentation material 6--8 months after bone augmentation ([Fig. 3](#f3-cm8801p69){ref-type="fig"}) shows an amorphous material percentage between 45.16% and 74.12%, with a mean of 61.4%.

The presence of an increased amorphous material amount is correlated with a lower resorption rate of the augmentation material and implicitly, with a smaller reduction of subantral bone height ([Fig. 4](#f4-cm8801p69){ref-type="fig"}).

Discussion
==========

The objectives of the study were fulfilled. Thus, the subantral bone resorption rate was objectively analyzed at a reference interval relevant both for the scientific community and the medical community.

The presented data indicate a moderate resorption rate of the subantral augmentation material compared to other literature studies \[[@b8-cm8801p69],[@b9-cm8801p69],[@b10-cm8801p69]\]. Thus, an analysis of the resorption rate of alloplastic grafts shows a lower resorption rate of these grafts compared to that reported in the present study \[[@b8-cm8801p69]\]. This lower resorption rate of the alloplastic material used for subantral augmentation, compared to that found in patients with bone augmentation using a mixture of alloplastic and autologous material, is not surprising. In fact, the mixture of the two categories of materials is used in order to combine the advantages of each. The resorption rate of the alloplastic augmentation material is lower compared to that of the autologous material, and their association is aimed at slowing the resorption rate of the subantral graft \[[@b11-cm8801p69]\]. On the other hand, autologous graft is considered to be the bone augmentation material with the best biological properties, so far unequaled by any other material \[[@b2-cm8801p69]\], but previous studies indicate the increased bone resorption rate of this type of material as a disadvantage \[[@b12-cm8801p69],[@b13-cm8801p69]\]. The position of the mean resorption rate obtained in this study between the rate of autologous grafts and that of alloplastic grafts is an expected result, which confirms the hypothesis that an association of the two types of materials improves their characteristics.

The qualitative analysis of the subantral augmentation material can only be performed through histological studies. For ethical reasons, these studies can be performed on human subjects only when surgery for therapeutic purposes is necessary. Thus, the collection of biological samples for histological examination is limited to the stage of dental implant placement, when tissue debris results, which can be sent for histological analysis. The aim of combining alloplastic and autologous material is to slow the bone resorption rate of the grafts, which is characteristic of alloplastic grafts, and to stimulate neoosteogenesis, which is characteristic of autologous grafts. The histological examination performed after the collection of biological samples from the bone augmentation areas evidences varied amounts of amorphous material in the bone augmentation areas. On an average, amorphous material represents slightly more than half of the material volume present in the maxillary sinus. This percentage is higher than that detected in patients who underwent bone augmentation with autologous material alone \[[@b4-cm8801p69],[@b9-cm8801p69],[@b14-cm8801p69]\]. On the other hand, in the case of bone augmentation with alloplastic grafts alone, there was a higher residual amorphous material amount in the augmentation area compared to that found in the patients of this study \[[@b4-cm8801p69],[@b14-cm8801p69]\]. It should be mentioned that in the case of the studies analyzed for comparing the results obtained, the analysis of the subantral augmentation material was performed after a similar number of months from sinus lifting. Thus, it can be seen that the mixture of the two types of materials allowed to combine their characteristics, while their efficiency in obtaining dental implant osseointegration remains to be evaluated.

It should be noted that the presence of a higher amount of residual amorphous material in the bone augmentation area is associated with a lower resorption of the augmentation graft. Hence, the presence of intense osteogenic processes leads to an increase in the resorption rate of the subantral augmentation material. Further studies are required to establish to what extent the acceleration or slow-down of osteogenic phenomena affects the capacity of the bone augmentation area to receive and integrate dental implants.

Conclusion
==========

The 1/1 mixture of alloplastic and autologous materials used for maxillary sinus augmentation leads to an improvement of the characteristics that each material has when used alone.
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